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(57) Abstract 

An enhanced ignitor for initiating a quantity of 
pyrotechnic, explosive or energetic material including a 
multistage device in which the semiconductor bridge ignitor 
is activated by an electrical circuit and the ignitor in 
turn activates an energy-generating component which upon 
activation, alloys, crystallizes or otherwise reacts to create 
sufficient ignition energy to cause the pyrotechnic explosive 
or energetic material to ignite. 
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ENHANCED BRIDGE IGNITOR FOR IGNITION OF 
EXPLOSIVE AND ENERG ETIC MATERIALS AND METHOD OF USE 

Backgr ound of the Invention 

Prior semiconductor bridge devices for the ignition of 
explosive and energetic materials have been proposed (U.S. 
Patent Nos. 3,366,055, 4,708,060, 4,976,200 and 5,029,529). 
Heat generated by semiconductor bridge ignitor devices has 
not in certain applications been sufficient to initiate the 
explosive or energetic material. The use of mixtures or 
layers of dissimilar materials which exhibit exothermic 
reactions when activated have been used extensively in the 
field of pyrotechnics to produce heat and light. Such 
dissimilar materials include metal-to-metal layers; metal-to 
metal oxide layers and thermitic mixtures. Further, 
multilayer ignitors have been proposed (U.S. Patent No. 
5,538,795) . 



The present invention proposes enhancing ignition of a 
20 brid( ? e ignitor using such dissimilar materials. 



Summary nf the Invention 

Broadly, the present invention is an enhanced ignitor 
and its method of construction and use comprising (1) a 

25 bridge ignitor and (2) an energy-generating component 

adjacent the bridge ignitor and activated by it. The energy- 
generating component in turn comprises at least two 
dissimilar materials which react exothermically and produce a 
self-sustaining reaction. The energy-generating component 

30 materials may be mixed together as a single layer or each 
material may be formed in a layer positioned adjacent to a 
layer of the other dissimilar material. Multiple single 
mixture layers or multiple pairs of such layers may also be 
constructed in stacks to enhance energy output. 



35 



Materials which exothermically react to produce a self- 
sustaining reaction include dissimilar elements, metallic or 
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non-metallic and mixtures of elements and compounds which 
compounds may be inorganic or organic. 

The energy-generating component of the present invention 
5 is preferably constructed in a multilayered manner using 
integrated circuit design and semiconductor production 
techniques . 

The enhanced bridge ignitor of the present invention is 
10 particularly useful in quickly generating sufficient heat to 
ignite pyrotechnics, explosives, propellants and other 
energetic materials. For example, gas generating materials 
located in automobile restraint inf lator units may be ignited 
to effect inflation of air bags and inflatable seat belts 
15 used in vehicles. 

The enhanced bridge ignitor of the present invention 
provides a readily manufactured ignitor. Both the bridge 
ignitor portion and the adjacent energy-generating component 

2 0 portion can be optimized by varying the composition, layer 

thickness, the number of layers and area to provide an 
enhanced ignitor for specific applications. The inventive 
ignitor may serve to ignite explosives of differing size and 
characteristics. Thus, the dimensions and geometric 
25 configuration of enhanced bridge ignitors of the present 
invention are each selected and sized for the energetic 
output required. 

Brief Description of the Drawings 

3 0 Fig. l is a sectional exploded view of the enhanced 

bridge ignitor of the present invention with an ignition 
circuit; 

Fig. 2 is a sectional view of a dual layer of the 
35 energy-generating component of the invention; and 
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Fig. 3 is a sectional view of a tri-layer of the energy- 
generating component of the invention. 

Description of the Preferred Embodiment-. 
5 Referring to Fig. i, enhanced bridge ignitor 9 includes 

nonelectrically conductive material substrate n, doped 
semiconductor layer or bridge 12, right conductive land 14r 
and left conductive land 141. Substrate n, bridge 12 and 
lands l4r, 141 comprise a semiconductor bridge ignitor 10 
10 which is preferably composed of a polysilicon-on-silicon 

wafer and suitable metallic land materials. Bridge ignitor 
10 is enhanced by the addition of a multilayered energetic 
component 15. Nonconduct ive layer 16 is located between 
bridge ignitor 10 and multilayered energetic component 15 to 
15 electrically isolate the lands 14r and 141 from the 

multilayer energetic component 15. This electrical isolation 
prevents shunting of the bridge by the energy-generating 
component 15. The energy-generating component 15 is, in 
accordance with this invention, a component that creates heat 
20 when acted upon by the bridge ignitor. Component 15 may have 
the following characteristics. 

1. A Single Layer or Multiple Layers With Each 
Layer Being A Mixture of Dissimilar Materials 

25 The energy-generating component 15 may be a single layer 

composed of a thermitic mixture which mixture includes a 
metal oxide as the oxidizer and a metal. For example, a 
mixture of aluminum powder and powdered ion oxide which when 
heated by the bridge ignitor 10 in turn emits substantial 

3 0 heat - The production of such heat by two such powdered 

materials is a typical thermitic reaction. Such material is 
sold under the trademark Thermit. A plurality of layers of 
thermitic materials may also be used to increase total energy 
output. other thermitic materials or thermites may be used 

35 include aluminothermic materials. Aluminum may be mixed with 
the following oxidizers: 
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Table I 



10 



Oxidizfirg 

Boron oxide 

Chromium (III) oxide 

Manganese 

Iron oxide 

Iron oxide 

Cupric oxide 

Lead oxide 



Formula 

B 2°3 

Cr 2 0 3 . 
MnCu 



Fe 2 0 3 
Fe 2 0 4 
CuO 
Pb 3 0 4 



Thermitic mixtures may include Fe 2 0 3 mixed with the 
following elements of Table II to form the listed oxide 
compounds . 



15 



Table II 



20 



Combusti Hi o 

Al 

Mg 

Ca 

Ti 

Si 

B 



Formula of Ovirio 

A1 2 0 3 

Mgo 

CaO 

Ti0 2 

sio 2 

B 2 Q 3 



2 * n/^ ° f . La ^ ers With Eac * Layer Composed 
5 Of A Di ssimilar Material 

Component 15 may alternatively be a layer of one 
selected material positioned adjacent a layer of a selected 
dissimilar material which materials react exothermically to 
provide a self-sustaining reaction. A self-sustaining 
0 reaction is dictated primarily by two considerations- heat 
generated by reaction and limited heat transferred away from 
the reaction area. 



Energetic-generating component 15 preferably includes 
5 one or more dual metallic component layers is with each dual 



layer 18 consisting of upper component metallic layer 18 
lower component metallic layer 18b. The thin metallic 1 



a and 
ayers 
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of multilayered energetic component 15 are preferably 
deposited using vacuum deposition techniques. Layer 18a is 
preferably nickel or a nickel-based alloy and layer 18b is 
aluminum. Nickel-based alloys containing approximately 67% 
5 nickel and the balance copper with small amounts of other 
elements are useful in the practice of this invention. In 
addition to layers of nickel-based alloys and aluminum, any 
two metallic layers that produce an exothermic and sustaining 
alloying reaction may be used in the present invention. 

10 

Further examples of dissimilar metal layers and their 
reaction products are set out in Table III. For example, 
titanium reacts with carbon to form titanium carbide and 
titanium reacts with boron to form titanium diboride. 
15 Table III 



20 



25 



35 



Metal In 


Metal In 




One Layer 


Adiacent Laver 


Compound Formed 


Li 


Sn 


LiSn 


Li 


Sb 


LiSb 


U 


Mg 


UMg 


Sn 


Ca 


SnCa 2 


Ti 


B 


TiB 2 


Zr 


B 


ZrB 2 


Hf 


B 


HfB 2 


Ti 


Al 


TiZl 2 


Zr 


Al 


ZrAl 2 


Ni 


Al 


NiAl. 


Pd 


Al 


PdAl 


Pt 


Al 


PtAl 


Ti 


C 


TiC 


Zr 


C 


ZrC 


V 


Si 


VSi 2 


Nb 


Si 


NbSi 2 


Ce 


Pb 


Ce 0 Pb 
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Fig. i shows a first bi-metal layer 18 and a stack of 
layers above dual layer 18. For simplicity of illustration 
the additional bi-metal layers in stack 20 used in the 
practice of the invention are not individually shown 
5 Further, such additional dual material layers serve to 

generate additional heat when raised in temperature are not 
necessary and it is within the scope of this invention to use 
only one dual layer. 

10 3 - Met&1 La V ^- a"d Adjacent Met al Compound Lay er 

Other dual layer energetic materials may be used as 
component 15 in the practice of this invention such as active 
metals (or metal fuels) and metal oxides. The metal fuels 
and metal compounds such as oxides are selected as pairs of 
such materials that chemically combine to create an 
exothermic and self-sustaining reaction. An example of such 

.„ ^ hin Aayer ° f a^mxnum adjacent a thin layer of iron 

20 s °t x :i e - sucl : duai or pair iayers may be repe — - — a 

stack, sxmxiar to stack 20 of metallic-to-metallic dual 
layers 18. 



Other metals which are useful in f 



layer are i 



orming a metallic 



25 zirconi 



um 



ron, magnesium, titanium, tungsten, zinc and 



Other metal oxides that are useful in formi 
oxide layer are set out in the following Table. 



ng a metal 



30 



35 
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Table IV 



10 



15 



Compound 
Aluminum oxide 
Barium oxide 
Boron oxide 
Magnesium oxide 
Potassium chloride 
Potassium oxide 
Silicon dioxide 
Sodium chloride 
Sodium oxide 
Strontium oxide 
Titanium dioxide 
Zirconium dioxide 



Formula 

A1 2 0 3 

BaO 

B 2 O s 

MgO 

KC1 



K 2 0 



sio 2 

NaCl 

Na 2 0 

SrO 

TiO z 

ZrC 



4 - A Me ta l Layer And An Ad-iacent Non-Metallic Laver 
It is also further contemplated that a layer of 

zirconium and a layer of silicon may be used as disclosed in 
2Q U.S. Patent No. 4,783,379 which patent is incorporated by 
reference and is made a part of this application. 

5 - — Meta l Layer And An Adj a cent Organic Material T.^y pr 
Component 15 may as a further alternative, include a 

25 thin layer of magnesium and an adjacent thin layer of 

polytetrafluoroethylene PTFE. This material is sold under 
the trademark Enerfoil. This material may be produced by 
vacuum deposition techniques and is described in U.S. Patents 
4,890,860, 5,034,070 and 5,253,584 which patents are 

3Q incorporated by reference and are part of the present 
application. 



6 • Non-Me tallic Layer and Reactive Lay er 

Component 15 may be composed of a non-metallic layer of 
3S boron, carbon, phosphorus (P) , phosphor (PJ , silicon or 

sulfur. The adjacent reaction layer includes any compound to 
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react with the non-metallic layer to 
suitable oxygen compound. 



give off heat such 



as a 



7 • Material Tri-T. ay o rc 

5 As a further alternative embodiment, the mult, , 

energetic component 15 may consist of on 

such as a l ayer of metal r more trz-layers 

layer of carbon metal ° xide and a 

Further ^ . f ^ 

XO reactive ! J ' ^ ^ " 15 ~e -posed of a 

Mt , H „ ' h 33 aluminum ' and a second active 

material such as copper oxide which reactive layers Le 
separated by a third nonreactive or much less rea^ive 1 
of material such as carbon. The presence Qf ZT^lt^ 
layer enhances the reaction resultina in separator 
15 temperatures. This multii™ generation of higher 

nis multilayer material is di«ro««, ^ • 
Patent No. 5,505 799 whiph • • disclosed m U.S. 

' U3 ' /ys which is incorporated >™ 
is made part of t-H. v. P d by reference and 

part of the present application. 

The energy-generating component 15 mav ir^i„„ 
20 the materials descrihpH a u Y lnclude any of 

±<*±i> aescribed above under numbers i n „ 

-terials which react to produce heat LTsus^n^ ^ 
such that when component 15 is activated by br^e 10 
component 15 will produce sufficient heat to W t ' 
explosive or eneraetio • , ignite the 

energetic material to be inii-iai-^ 
25 component is k« initiated. Finally, 



Stack 20 may include hundreds of Dalrs „, „ , 
metal layers including .. stacked bi- 

30 metal layers are u t* ^ <5 ° 0) PiirS ° r ■ Bi- 

examm , POSltl °" ed adjacent one another. For 

-ample, a layer of nickel or a nickel-based alloy , 

posftroned adjacent a layer of aluminum followed by anoth 
layer of nickel or- -, , xj.uwea oy another 

nicxei or nickel-based allov and ann fK 
aluminum and so forth 1-0 * another layer of 

u ^ U rorrn to form a st^rv on 

3= layers. numbering in the hundreds or m"e TrTlll V T 
=n the amount of energy reared to initiate the * 
energetic material 19 This <=t „ Z^"" the explosive or 

19. Thls stacked composite including dual 

- 8 - 
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layers 18 of bi-metal layers normally functions in sequence. 
The lowest dual layer 18 adjacent bridge 12 being heated 
first to a sufficient temperature to cause layers 18a and 18b 
to exothermically alloy. Heat produced by the alloying of 
5 layers 18a and 18b causes the alloying (heat-generating) 

process to propagate the lowest layer of stack 20 in a self- 
sustaining reaction process. This self-sustaining process 
continues through subsequent layers of the stack until the 
heat generated causes initiation of energetic material 19. 

10 

Further, with respect to Fig. i, bridge initiator 10 
includes a circuit A connected to lands l4r and 141 including 
a switch S, a capacitor C, a resistor R, and a power supply 
PS. Fig. 2 shows a dual layer of aluminum 25 and a nickel- 
15 based alloy 26, and Fig. 3 shows a tri-layer of aluminum 27, 
carbon 28 and copper oxide 29. 

In the operation of the enhanced bridge ignitor 9, 
switch S of circuit A is closed by an external signal, 

20 generated, for example, by a vehicle restraint system's 

electronic control module in response to rapid deceleration 
resulting from a crash. Closure of switch S causes the 
electrical charge stored in capacitor C to produce a voltage 
drop between lands l4r and 141. Electrical current flow 

25 induced by the voltage drop causes ohmic heating of the 

bridge ignitor 10, resulting in initiation of component 15. 
In the Fig. i embodiment initiation is the start of the 
alloying reaction in the nearest bi-metallic layer 18 of 
multilayered energetic component 15. Bridge ignitor 10 

30 activates to accomplish one or more of the following: (i) 
generates heat through burning; (2) forms a plasma or (3) 
creates a shock effect. Self propagating exothermic 
reaction of subsequent bi-metallic mulitlayers 18 in stack 20 
as described above, produces further heat which in turn 

35 initiates the gas generating energetic material 19. 
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Bxamp .1 p 

nickel c C ° mPOSite StaCk ° f PairS ° f layerS ° f ai -inu m and 
• nickel consisting of one hundred and fifty (150 ) pairs of 

s fZZlltT each layer having the follovi - — - 

length: 0 .045 inches 1. 142 mm (milliters) 

width: 0.055 inches 1.397 mm 

thickness: 250 nm (nanometers) 

io 9 S o U a h 3 C r OS H ite StaCk Pr ° dUCed 3n am ° Unt ° f ^ gy ^ to 

908.3 mj when activated, as compared to 3 mJ (milli Joules) 
of energy produced by a standard semiconductor bridge alone 

criticT^ 11 ^ 18 a ^ ^ have 

15 tikes ! temperatUres at vhich explosive crystallization 
takes place. Dua l metallic layer 18 and other layers of 

™LYT rg ° all ° ying reaCt±0n alS ° k — « explosive 
Ytalluatxcn when heated to its critical temperature The 
heat generated by the metallic layers is manv t L 
than t-h~ u many times greater 

than the heat generated by bridge 10. 



25 



30 



35 
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I CLAIM: 



1. A device for initiating a quantity of pyroteohnic 
explosive or other energetic material comprising 



a) 



10 



15 



a bridge ignitor capable of producing heat 
when activated; 

an energy-generating component positioned 
adjacent the bridge and adjacent the energetic 
material, such component in turn comprising 
dissimilar materials which combine to produce 
heat in a self-sustaining manner such that the 
quantity of energetic material is initiated; 



circuit means for activating such bridge 
ignitor; 



20 whereby the quantity of eneraetic ffla t- orj2l ^ 

ner( 3 eric material when positioned 

adjacent the energy-generating component of the device is 
xmtiated upon operation of the circuit means to activate the 
bridge ignitor. 



25 



2. The device of claim l in which the energy- 
generating component is a thermitic material. 

3- The device of claim 1 in which the energy- 
generating component is a dual metallic layer 

30 ■ J 

4. The device of claim l in which the energy- 
generating component is a dual layer with one layer being a 
metal and the other a metal oxide. 

35 5 - The device °f claim 1 in which the energy- 

generating device is a dual layer with one layer being a 
metal and the other an organic material. 
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6. The device of claim l in which the energy- 
generating component is a dual layer with one layer including' 
a non-metallic material and the adjacent layer including an 



oxide 



5 



7. The device of claim 1 in which the energy- 
generating component has a plurality of stacked dual layers 



8 



. _ . v , dSViCe ° f Claim 3 in the dual layers are 

10 a nickel alloy and aluminum. 

9. The device of claim 3 in which the dual layer is a 
metal fuel and a metal oxide. 

15 10. The device of claim 3 in which the dual layer is 

magnesium and polytetraf luoroethylene . 

11. The device of claim 6 in which the energy- 

20 l^T^ C ° mP ° nen * ^ 3 PlUralit ^ ° f ^al layers of 

20 two dissimilar metals. 

12. The device of claim 6 in which the energy- 
generating component is a plurality of stacked dual layers of 
metallic materials. 

25 

13. The device of claim 6 in which the energy- 
generating component is a tri-layer composite of metal fuel 
and metal oxide separated by carbon. 

30 14. The device of claim 2 in which the energy- 

generating component is a sinale bv.v ^ • * 

Single layer of a mixture of 

aluminum powder and powdered oxide. 

15. The device of claim l in which the energy- 

35 generating component is a laver of nnn ™«*- a n- 

yer ot non-metallic material and 

an adjacent reactive layer 
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16. A device for initiating a quantity of pyrotechnic, 
explosive or energetic material comprising 



a) 



a semiconductor bridge ignitor capable of 
producing heat when activated ; 



10 



b) 



a component positioned adjacent the 
semiconductor bridge comprising two dissimilar 
materials which when heated enter into an 
exothermic reaction; and 



c) 



circuit means for activating such 
semiconductor bridge ignitor ; 



15 whereby the quantity of pyrotechnic, explosive or energetic 
material positioned adjacent the alloying component of the 
device is initiated upon operation of the circuit means. 



17. A method of initiati 



20 explosive or other energetic material 



ng a quantity of pyrotechnic, 



comprising 



1) 



25 



2) 



positioning adjacent such quantity of 
pyrotechnic, explosive or energetic material 
an energy-generating component including two 
dissimilar materials which enter into an 
exothermic reaction when heated ; 

positioning adjacent such energy-generating 
component a bridge ignitor; and 

providing means to cause the bridge ignitor to 
react and form heat to cause said component to 
enter into such exothermic reaction 



35 whereby the heat from the bridge ignitor causes the adjacent 
energy-generating component to activate in turn cause the 



30 



3) 
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quantity of pyrotechnic, explosive or energetic material to 
ignite. 

18. The method of claim 17 in which the energy- 

S generating component is provided with a thermitic material. 

19. The method of claim 17 in which the energy- 
generating component is provided with a dual metallic layer. 

10 20 - The method of claim 17 in which the energy- 

generating component is. provided with a dual layer of a metal, 
and a dissimilar material. 

21. The method of claim 17 in which the energy- 

15 generating component is provided with mulitlayers of reactive 
material . 

22. The method of claim 21 in which the multilayer 
energy-generating component is provided with a plurality of 

2 0 stacked dual layers. 

23. The method of claim 19 in which the dual layers 
include a layer of nickel alloy and a layer of aluminum. 



25 24 • The method of claim 20 in which the dual layer i 

metal fuel and a metal oxide which react to generate heat. 

25. The method of claim 20 in which the dual layer i 
magnesium and polytetraf luoroethylene . 



s a 



30 



26 



The method of claim 22 in which the energy- 
generating component is a plurality of stacked dual layers of 
metallic materials. 



35 27 • The method of claim 17 in which the energy- 

generating component is a tri-layer composite of metal fuel 
and metal oxide separated by carbon. 
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23. The method of claim 18 in which the thermitic 
material is a single layer of a mixture of aluminum powder 
and powdered oxide. 

5 29. The method of claim 17 in which the energy- 

generating component is a plurality of stacked tri-l aye rs of 
fuel, metal oxide and carbon. 

30. The method of claim 21 in which the semiconductor 
10 bridge and energy-generating component are constructed by 

depositing layer upon layer. 

31. The method of claim 17 in which the energetic 
material is a material in a vehicle inflator. 

IS 

32. The method of claim 17 in which the bridge igniter 
and energy-generating component layers are provided with 
dimensions and number of layers to provide the amount of 
ignition energy required to cause the energetic material to 

2 0 combust. 

33. The device of claim 6 in which the semiconductor 
bridge and energy-generating component are constructed by 
depositing layer upon layer. 

25 

34. A vehicle inflator including the device of claim l. 



30 



35 



- 15 - 



WO 98/34081 



PCT/US98/01185 



1/2 

) 




FIG. 1 



WO 98/34081 



JPCTYUS98/0118 



2/2 




FIG. 2 




WORLD INTELLECTUAL PROPERTY ORGANIZATION 

International Bureau 



PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 

F42C 19/12 



A3 



(11) International Publication Number: 



(43) International Publication Date: 



WO 98/34081 

6 August 1998 (06.08.98) 



(21) International Application Number: 



PCT/US98/01185 



(22) International Filing Date: 



20 January 1998 (20.01.98) 



(30) Priority Data: 
08/784,680 



22 January 1997 (22.01.97) 



US 



(71) Applicant: TALLEY DEFENSE SYSTEMS, INC, [US/US]; 

3500 North Greenfield Road, Mesa, AZ 8521 1 (US). 

(72) Inventor: SCAVEN, Gregory, J.; 2037 E. Hermosa Vista 

Drive, Mesa, AZ 85213-221 1 (US). 

(74) Agents: MCKENNEY, Charles, E. et al.; Pennie & Edmonds 
LLP, 11 55 Avenue of the Americas, New York, NY 10036 
(US). 



(81) Designated States: AL, AM, AU, AZ, BA, BB, BG, BR BY 
CA, CN, CU, CZ, EE, GE, GH, GW, HU, ID, IL, IS jp' 
KG, KP, KR, KZ, LC, LK, LR, LT, LV, MD, MG, MK 
MN, MX, NO, NZ, PL, RO, RU, SG, SI, SK, SL. TJ Tm' 
TR, TT, UA, UZ, VN, YU, ARIPO patent (GH, GM KE* 
LS, MW, SD, SZ, UG, ZW), Eurasian patent (AM, AZ*, BY, 
KG, KZ, MD, RU, TJ, TM), European patent (AT, BE* CH 
DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL PT 
SE), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, ML 
MR, NE, SN, TD, TG). 

Published 

With international search report. 

(88) Date of publication of the international search report: 

5 November 1998 (05.11.98) 



(54) Title: ENHANCED BRIDGE IGNITOR FOR IGNITION OF EXPLOSIVE AND ENERGETIC MATERIALS AND METHOD OF 
USE 

(57) Abstract 

An enhanced ignitor for initiating a 
quantity of pyrotechnic, explosive or energetic 
material including a multistage device in which 
the semiconductor bridge ignitor (10) is 
activated by an energy-generating component 
(15) which upon activation alloys, crystallizes or 
otherwise reacts to create sufficient ignition 
energy to cause the pyrotechnic explosive or 
energetic material to ignite. 





og/ t 2*4 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 

International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 

F42B 



A2 



(11) International Publication Number: 
(43) International Publication Date: 



WO 98/34081 

6 August 1998 (06.08.98) 



(21) International Application Number: 



PCT/US98/01185 



(22) International Filing Date: 



20 January 1998 (20.01.98) 



(30) Priority Data: 
08/784,680 



22 January 1997 (22.01.97) 



US 



(71) Applicant: TALLEY DEFENSE SYSTEMS, INC. [US/US]; 

3500 North Greenfield Road, Mesa, AZ 8521 1 (US). 

(72) Inventor: SCAVEN, Gregory, J.; 2037 E. Hermosa Vista 

Drive, Mesa, AZ 85213-2211 (US). 

(74) Agents: MCKENNEY, Charles, E. et al.; Pennie & Edmonds 
LLP, 1 155 Avenue of the Americas, New York, NY 10036 
(US). 



(81) Designated States: AL, AM, AU, AZ, BA, BB, BG BR BY 
CA, CN, CU, CZ, EE, GE, GH, GW, HU, ID, IL, IS jp' 
KG, KP, KR, KZ, LC, LK, LR, LT, LV, MD, MG, MK 
MN, MX, NO, NZ, PL, RO, RU, SG, SI, SK, SL, TJ, TM* 
TR, TT, UA, UZ, VN, YU, ARIPO patent (GH, GM KE 
LS, MW, SD, SZ, UG, ZW), Eurasian patent (AM, AZ, By' 
KG, KZ, MD, RU, TJ, TM), European patent (AT, BE CH 
DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL PT 
SE), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, ML* 
MR, NE, SN, TD, TG). 



Published 

Without international search report and to be republished 
upon receipt of that report. 



1 



(54) Title: ENHANCED BRIDGE IGNITOR FOR IGNITION OF EXPLOSIVE AND ENERGETIC MATERIALS AND METHOD OF 
USE 

(57) Abstract 
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pyrotechnic, explosive or energetic material including a 
multistage device in which the semiconductor bridge ignitor 
is activated by an electrical circuit and the ignitor in 
turn activates' an energy-generating component which upon 
activation, alloys, crystallizes or otherwise reacts to create 
sufficient ignition energy to cause the pyrotechnic explosive 
or energetic material to ignite. 
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ENHANCED BRIDGE IGNTTOR FOR IGNITION OF 
EXPLOSIVE AND EN ERGETIC MATERIALS AND METHOD OF USE 

Background of the Invention 
s Prior semiconductor bridge devices for the ignition of 

explosive and energetic materials have been proposed (U.S. 
Patent Nos. 3,366,055, 4,708,060, 4,976,200 and 5,029,529). 
Heat generated by semiconductor bridge ignitor devices has 
not in certain applications been sufficient to initiate the 

10 explosive or energetic material. The use of mixtures or 
layers of dissimilar materials which exhibit exothermic 
reactions when activated have been used extensively in the 
field of pyrotechnics to produce heat and light. Such 
dissimilar materials include metal-to-metal layers; metal-to- 

15 metal oxide layers and thermitic mixtures. Further, 
multilayer ignitors have been proposed (U.S. Patent No. 
5,538,795). 

The present invention proposes enhancing ignition of a 
20 brid( ? e ignitor using such dissimilar materials. 

Summary of the Invention 

Broadly, the present invention is an enhanced ignitor 
and its method of construction and use comprising (1) a 

25 bridge ignitor and (2) an energy-generating component 

adjacent the bridge ignitor and activated by it. The energy- 
generating component in turn comprises at least two 
dissimilar materials which react exothermically and produce a 
self-sustaining reaction. The energy-generating component 

30 materials may be mixed together as a single layer or each 
material may be formed in a layer positioned adjacent to a 
layer of the other dissimilar material. Multiple single 
mixture layers or multiple pairs of such layers may also be 
constructed in stacks to enhance energy output. 

35 

Materials which exothermically react to produce a self- 
sustaining reaction include dissimilar elements, metallic or 
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non-metallic and mixtures of elements and compounds which 
compounds may be inorganic or organic. 

The energy-generating component of the present invention 
5 is preferably constructed in a multilayered manner using 
integrated circuit design and semiconductor production 
techniques . 

The enhanced bridge ignitor of the present invention is 
10 particularly useful in quickly generating sufficient heat to 
ignite pyrotechnics, explosives, propellants and other 
energetic materials. For example, gas generating materials 
located in automobile restraint inflator units may be ignited, 
to effect inflation of air bags and inflatable seat belts 
15 used in vehicles. 

The enhanced bridge ignitor of the present invention 
provides a readily manufactured ignitor. Both the bridge 
ignitor portion and the adjacent energy-generating component 
2 0 portion can be optimized by varying the composition, layer 
thickness, the number of layers and area to provide an 
enhanced ignitor for specific applications. The inventive 
ignitor may serve to ignite explosives of differing size and 
characteristics. Thus, the dimensions and geometric 

2 5 configuration of enhanced bridge ignitors of the present 

invention are each selected and sized for the energetic 
output required. 

Brief Description of the Drawings 

3 0 Fig. l is a sectional exploded view of the enhanced 

bridge ignitor of the present invention with an ignition 
circuit; 



Fig. 2 is a sectional view of a dual layer of th 
35 energy-generating component of the invention; and 



e 
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Fig. 3 is a sectional view of a tri-layer of the energy- 
generating component of the invention. 

Description of th e Preferred Embod i ment 
5 Referring to Fig. l, enhanced bridge ignitor 9 includes 

nonelectrically conductive material substrate 11, doped 
semiconductor layer or bridge 12, right conductive land I4r 
and left conductive land 141. Substrate 11, bridge 12 and 
lands l4r, 141 comprise a semiconductor bridge ignitor 10 
10 which is preferably composed of a polysilicon-on-silicon 

wafer and suitable metallic land materials. Bridge ignitor 
10 is enhanced by the addition of a multilayered energetic 
component 15. Nonconductive layer 16 is located between 
bridge ignitor 10 and multilayered energetic component 15 to 
15 electrically isolate the lands 14r and 141 from the 

multilayer energetic component 15. This electrical isolation 
prevents shunting of the bridge by the energy-generating 
component 15. The energy-generating component 15 is, in 
accordance with this invention, a component that creates heat 
20 when acted upon by the bridge ignitor. Component 15 may have 
the following characteristics. 



25 



30 



3S 



1. A Single Layer or Multiple Layers With Each 
Layer Being A Mixtnrp of Dissimilar Materials 



The energy-generating component 15 may be a single layer 
composed of a therroitic mixture which mixture includes a 
metal oxide as the oxidizer and a metal. For example, a 
mixture of aluminum powder and powdered ion oxide which when 
heated by the bridge ignitor 10 in turn emits substantial 
heat. The production of such heat by two such powdered 
materials is a typical thermitic reaction. Such material is 
sold under the trademark Thermit. A plurality of layers of 
thermitic materials may also be used to increase total energy 
output. other thermitic materials or thermites may be used 
include aluminothermic materials. Aluminum may be mixed with 
the following oxidizers: 
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Table I 



10 



Oxidizers 

Boron oxide 

Chromium (III) oxide 

Manganese 

Iron oxide 

Iron oxide 

Cupric oxide 

Lead oxide 



Formula 

B 2 0 3 

Cr 2 0 3 . 

Mn0 2 

Fe 2 0 3 

Fe 2 0 4 

CuO 



Pb 3 0 4 



Thermitic mixtures may include Fe 2 0, mixed with the 
following elements of Table II to form the listed oxide 
compounds . 



15 



Table IT 



20 



Combustible 
Al 

Mg 

Ca 
Ti 
Si 
B 



Formula of Qyid^ 

A1 2 0 3 

MgO 

cao 

Ti0 2 

sio 2 

B 2 Q 3 



25 



2 * o/^n -^ - La r rS W±th Each La ^ er Composed 
Of A Dissimilar Material 



Component 15 may alternatively be a layer of one 
selected material positioned adjacent a layer of a selected 
dissimilar material which materials react exothermically to 
provide a self-sustaining reaction. A self-sustaining 
30 reaction is dictated primarily by two considerations- heat 
generated by reaction and limited heat transferred away from 
the reaction area. 



Energetic-generating 
35 one or more dual metallic 



layer 18 consisting of 
lower component metallic layer 18b. 



component 15 preferably includes 
component layers 18 with each dual 
upper component metallic layer 18a and 



The thin metallic layers 
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of multilayered energetic component 15 are preferably 
deposited using vacuum deposition techniques. Layer 18a is 
preferably nickel or a nickel-based alloy and layer 18b is 
aluminum. Nickel-based alloys containing approximately 67% 
5 nickel and the balance copper with small amounts of other 
elements are useful in the practice of this invention. In 
addition to layers of nickel-based alloys and aluminum, any 
two metallic layers that produce an exothermic and sustaining 
alloying reaction may be used in the present invention. 

10 

Further examples of dissimilar metal layers and their 
reaction products are set out in Table III. For example, 
titanium reacts with carbon to form titanium carbide and 
titanium reacts with boron to form titanium diboride. 
15 Table III 



20 



25 



35 



Metal In 


Metal In 




One Layer 


Adiacent Laver 


Compound Formed 


Li 


Sn 


LiSn 


Li 


Sb 


LiSb 


U 


Mg 


UMg 


Sn 


Ca 


SnCa 2 


Ti 


B 


TiB 2 


Zr 


B 


ZrB 2 


Hf 


B 


HfB 2 


Ti 


Al 


TiZl 2 


Zr 


Al 


ZrAl 2 


Ni 


. Al 


NiAl 


Pd 


Al 


PdAl 


Pt 


Al 


PtAl 


Ti 


C 


Tic 


Zr 


C 


ZrC 


V 


si 


vsi 2 


Nb 


si 


NbSi 2 


Ce 


Pb 


Ce^Pb 



- 5 - 



WO 98/34081 

JPCT/US98/01185 

Fig. i shows a first bi-metal layer 18 and a stack of 

layers above dual layer 18. For simplicity of illustration 

the additional bi-metal layers in stack 20 used in the 

practice of the invention are not individually shown. 

5 Further, such additional dual material i =,„~~ 

uuai material layers serve to 

generate additional heat when raised in temperature are not 
necessary and it is within the scope of this invention to use 
only one dual layer. 

10 3 " M etal Lay er and Adj an^Metal Compound Layer 

Other dual layer energetic materials may be used as 
component 15 in the practice of this invention such as active 
metals (or metal fuels) and metal oxides. The metal fuels 
and metal compounds such as oxides are selected as pairs of 
such materials that chemically combine to create an 
exothermic and self-sustaining reaction. An example of such 
a Pair of materials is aluminum and iron oxide. Component 15 
.n>ay b e a thin layer of aluminum adjacent a thin layer of iron 

20 s°tact SUC " " layerS bS rSpeated t0 f -m a 

stack, sxmxlar to stack 20 of metallic-to-metallic dual 
layers 18 . 

Other metals which are useful in forming a metallic 
layer are iron, magnesium, titanium, tungsten, zinc and 
2 5 zirconium. 

Other metal oxides that are useful in forming a metal 
oxide layer are set out in the following Table. 

30 



35 
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Table IV 



10 



15 



Compound 
Aluminum oxide 
Barium oxide 
Boron oxide 
Magnesium oxide 
Potassium chloride 
Potassium oxide 
Silicon dioxide 
Sodium chloride 
Sodium oxide 
Strontium oxide 
Titanium dioxide 
Zirconium dioxide 



Formula 

A1 2 0 3 

BaO 



B 2°3 

MgO 

KC1 

K 2 0 

Si0 2 

Naci 

Na 2 0 

SrO 

Ti0 2 

ZrOo 



20 



25 



30 



4 • A Metal Layer And An Adjacent Non-Metallic Lay p.r 
It is also further contemplated that a layer of 
zirconium and a layer of silicon may be used as disclosed in 
U.S. Patent No. 4,783,379 which patent is incorporated by 
reference and is made a part of this application. 

5 * A Me tal Layer And An Adjacent Organic Material Layer 
Component 15 may as a further alternative, include a 
thin layer of magnesium and an adjacent thin layer of 
polytetraf luoroethylene PTFE . This material is sold under 
the trademark Enerfoil. This material may be produced by 
vacuum deposition techniques and is described in U.S. Patents 
4,890,860, 5,034,070 and 5,253,584 which patents are 
incorporated by reference and are part of the present 
application. 



6 • Non-Me tallic Layer and Reactive Layer 

Component 15 may be composed of a non-metallic layer of 
35 boron, carbon, phosphorus (P) , phosphor (P 4 ) , silicon or 

sulfur. The adjacent reaction layer includes any compound to 
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2tlLT h ths Bon — ■ i»y to give off heat such as 

suitable oxygen compound. 

7 • Material Tri-Lay pfc 

5 energe^c """"" al " rn " lv - ^odiment, the multilayer 
sue ! : 0 " P ° nent 15 ™y ~>» i-t of one or more tri-layers 
such as a layer of metal fuel, a layer of »„* , ■ yers 
laver of r-,^K„„ - yer °f metal oxide and a 

Further t , * tUO ~»«<»>- layers . 

further, tri-layers useful in component „„ 
10 reactive laver =„ v. omponent 15 are composed of a 

Mter . y ! r ' ^ alUI " inum ' and - second active 

V " COPP « •*!«* -active layers are 

separated by a third nonreactive or much less reactive layer 

Lye e h " Carb0n ' P " Sen0e ° f «>. separator 

layer enhances the reaction resulting 

15 temperatures T hi, „ ltln<? ln generation of higher 

Paten, 1 ' multilayer material is disclosed in U s 

Patent No. 5,505,799 which is incorporated by reference !nd ' 

application. 

" the mlt!r en i r9 r 9eneratln9 -»y include any of 

the materials described above under numbers 1-7 or anv o!h 
materials whioh m*^->- +- or any other 

xs which react to produce heat in a sustain,-^ 

such that When component 15 is activated ly Z^TZ 
component „ will produce sufficient heat to ignite tte 
-Plosive or energetic material to be initiated Finely 
« component 15 may be constructed of combinations of matures 
and layers described above. mixtures 

Stack 20 may include hundreds of pairs of .t.r-v-* w 
»etal layers including five hundred ,500, j ' 
30 metal layers a r« „„ ' P " S or nore - Bi " 

examo, " Positioned adjacent one another. For 

-ample, . layer of nickel or a nielwl . r 

yer nickel or nickel-based alloy and another laye>- of 
aluminum and so forth to f6r _ a ^ye. of 

layers, numbering in the hundreds or more are used V ' 
on the amount of energy required to I depending 

energetic material is This stacked e e * Pl ° SiVe ~ 

slacked composite including dual 
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layers 18 of bi-metal layers normally functions in sequence. 
The lowest dual layer 18 adjacent bridge 12 being heated 
first to a sufficient temperature to cause layers 18a and 18b 
to exothermically alloy. Heat produced by the alloying of 
layers 18a and 18b causes the alloying (heat-generating) 
process to propagate the lowest layer of stack 20 in a self- 
sustaining reaction process. This self-sustaining process 
continues through subsequent layers of the stack until the 
heat generated causes initiation of energetic material 19. 



Further, with respect to Fig. 1, bridge initiator 10 
includes a circuit A connected to lands I4r and 141 including 
a switch S, a capacitor C, a resistor R, and a power supply 
PS. Fig. 2 shows a dual layer of aluminum 25 and a nickel- 
15 based alloy 26, and Fig. 3 shows a tri-layer of aluminum 27, 
carbon 2 8 and copper oxide 29. 

In the operation of the enhanced bridge ignitor 9, 
switch S of circuit A is closed by an external signal, ' 

20 generated, for example, by a vehicle restraint system's 

electronic control module in response to rapid deceleration 
resulting from a crash. Closure of switch S causes the 
electrical charge stored in capacitor c to produce a voltage 
drop between lands l4r and 141. Electrical current flow 

25 induced by the voltage drop causes ohmic heating of the 

bridge ignitor 10, resulting in initiation of component 15. 
In the Fig. i embodiment initiation is the start of the 
alloying reaction in the nearest bi-metallic layer 18 of 
multilayered energetic component 15. Bridge ignitor 10 

30 activates to accomplish one or more of the following: (i) 
generates heat through, burning; (2) forms a plasma or (3) 
creates a shock effect. Self propagating exothermic 
reaction of subsequent bi-metallic roulitlayers 18 in stack 20 
as described above, produces further heat which in turn 

35 initiates the gas generating energetic material 19. 
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Exarnp ] ^ 

nickel C ° mPOSit * Sta ° k ° f of Uyers of alu mlnum and 

nickel consisting of one hundred and fifty (150) pairs of 
layers „ ith ea o h layer having the foll dimensions W L 

5 fabricated. "tensions was 

length: 0 .045 inches !. 142 mm (BllllBi 

wxdth: 0.055 inches 1.397 ram 

thickness: 2 50 nm (nanometers) 

10 9 S oe Ch 3 C r° S h ite StaCk Pr ° dUCed ^ am ° Unt ° f ^ gy to 

^08.3 mJ when activated ^ ascompared tQ 3 mj 

of energy produced by a standard ^ 

15 ta £ 3 ' teaperat — at which explosive cr ys talli 2ation 

stack T d metalllC " ° th - of 

a " ^ allOYing reaCti °" *-wn as explosive 

crystall 12atlon when heated tQ it- * J* 

"han r e r ed by the metaiiic iayers ±s — «~ g - te 

than the heat generated by bridge io 

2 0 



25 



30 



35 
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I CLAIM: 



1- A device for initiating a quantity of pyrotechnic 
explosive or other energetic material comprising 

a) a bridge ignitor capable of producing heat 
when activated; 



b) 



10 



15 



an energy-generating component positioned 
adjacent the bridge and adjacent the energetic 
material, such component in turn comprising 
dissimilar materials which combine to produce 
heat in a self-sustaining manner such that the 
quantity of energetic material is initiated; 



and 



c) circuit means for activating such bridge 
ignitor ; 

20 whereby the quantity of energetic material when positioned 
adjacent the energy-generating component of the device is 
initiated upon operation of the circuit means to activate the 
bridge ignitor. 

25 2 ' The device of claim l in which the energy- 

generating component is a thermitic material. 

3. The device of claim l in which the energy- 
generating component is a dual metallic layer 

30 

4. The device of claim l in which the energy- 
generating component is a dual layer with one layer being a 
metal and the other a metal oxide. 

35 5. The device of claim 1 in which the energy- 

generating device is a dual layer with one layer being a 
metal and the other an organic material . 

- 11 - 
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6- The device of claim l in which the energy- 
generating component is a dual layer with one layer including 
exile mat -ial and the adjacent layer including an 

7. The device of claim l in which the energy- 
generating component has a plurality of stacked dual layers. 

10 a *\ ^ deV±Ce ° f Claim 3 in ^ich the dual layers are 

10 a nickel alloy and aluminum. 

metal'; ■ ^ °" 3 Wh±Ch ^ dUal - a 

metal fuel and a metal oxide. 



" 10. The device of claim 3 in which the dual layer is 

um anr? nnl vf of v-5*i,. j_i -, 

ene . 



magnesium and polytetraf luoroethyl 



11- The device of claim 6 in which the energy- 
generating component is a plurality of stacked dual layers of 
20 two dissimilar metals. 

12. The device of claim 6 in which the energy- 
generating component is a plurality of stacked dual layers of 
metallic materials. 



25 



13. The device of claim 6 in which the energy- 
generating component is a tri-layer composite of metal fuel 
and metal oxide separated by carbon. 

30 14. The device of claim 2 in which the energy- 

generating component is a single layer of a mixture of 
aluminum powder and powdered oxide. 

15 • The device of cla i™ 1 in which the energy- 
generating component is a layer of non-metallic material and 
an adjacent reactive layer. 
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16. A device for initiating a quantity of pyrotechnic, 
explosive or energetic material comprising 



10 



a) 



b) 



a semiconductor bridge ignitor capable of 
producing heat when activated; 

a component positioned adjacent the 
semiconductor bridge comprising two dissimilar 
materials which when heated enter into an 
exothermic reaction; and 



c) 



circuit means for activating such 
semiconductor bridge ignitor ; 



15 whereby the quantity of pyrotechnic, explosive or energetic 
material positioned adjacent the alloying component of the 
device is initiated upon operation of the circuit means. 

17. A method of initiating a quantity of pyrotechnic, 
20 explosive or other energetic material comprising 



1) 



25 



2) 



positioning adjacent such quantity of 
pyrotechnic, explosive or energetic material 
an energy-generating component including two 
dissimilar materials which enter into an 
exothermic reaction when heated; 

positioning adjacent such energy-generating 
component a bridge ignitor; and 

providing means to cause the bridge ignitor to 
react and form heat to cause said component to 
enter into such exothermic reaction 



35 whereby the heat from the bridge ignitor causes the adjacent 
energy-generating component to activate in turn cause the 



30 



3) 
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quantity of pyrotechnic, explosive or energetic material to 
ignite. 

18. The method of claim 17 in which the energy- 

5 generating component is provided with a thermitic material. 

19. The method of claim 17 in which the energy- 
generating component is provided with a dual metallic layer. 

10 20 - The method of claim 17 in which the energy- 

generating component is provided with a dual layer of a metal 
and a dissimilar material. 

21. The method of claim 17 in which the energy- 

15 generating component is provided with mulitlayers of reactive 
material. 

22. The method of claim 21 in which the multilayer 
energy-generating component is provided with a plurality of 

2 0 stacked dual layers. 

23. The method of claim 19 in which the dual layers 
include a layer of nickel alloy and a layer of aluminum. 

25 24 • The method of claim 20 in which the dual layer is a 

metal fuel and a metal oxide which react to generate heat. 

25. The method of claim 20 in which the dual layer is 
magnesium and polytetraf luoroethylene . 

30 

26. The method of claim 22 in which the energy- 
generating component is a plurality of stacked dual layers of 
metallic materials. 
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27. The method of claim 17 in which the energy- 
generating component is a tri-layer composite of metal fuel 
and metal oxide separated by carbon. 
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28. The method of claim 18 in which the thermitic 
material is a single layer of a mixture of aluminum powder 
and powdered oxide. 

29. The method of claim 17 in which the energy- 
generating component is a plurality of stacked tri-layers of 
fuel, metal oxide and carbon. 
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The method of claim 21 in which the semiconductor 
10 bndge and energy-generating component are constructed by 
depositing layer upon layer. 



31. The method of claim 17 in which the energetic 
material is a material in a vehicle inflator. 



IS 



32. The method of claim 17 in which the bridge igniter 
and energy-generating component layers are provided with 
dimensions and number of layers to provide the amount of 
ignition energy required to cause the energetic material to 
2 0 combust. 



33. The device of claim 6 in which the semiconductor 
bridge and energy-generating component an 
depositing layer upon layer. 



e constructed by 



25 



34. A vehicle inflator including the device of claim l 
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